These results demonstrate that CaMKII activity regulates intrinsic excitability in MVN neurons. In addition to increasing spontaneous firing rate, CaMKII inhibition also produced increases in firing response gain, assessed as the slope of the relationship between intracellularly applied current and evoked firing rate. Blockade of CaMKII with KN-62 increased the Figure 2C ). We hypothesized that the calcium ade, the effects of prior membrane hyperpolarization influx resulting from these regular depolarizing events on the spontaneous firing rate and gain of a representamight lead to persistent activation of CaMKII via Ca 2+ / tive neuron are shown in Figures 2C and 2D . The neuron CaM-dependent autophosphorylation. Probing MVN fired stably at 15 spikes/s and had an intrinsic gain of tissue extracts with an antibody against phosphoryla-203 (spikes/s)/nA. Following 5 min of hyperpolarization, tion at T286/287, the residue associated with persistent the neuron's spontaneous firing rate and gain increased CaMKII activity, confirmed this hypothesis. Figure 1A to 21 spikes/s and 235 (spikes/s)/nA, respectively. shows strong expression of this phospho-CaMKII in the Across neurons, hyperpolarization increased firing rate MVN, particularly prominent at the molecular weight by 46% ± 9% (n = 21; p < 0.001) and potentiated gain corresponding to βCaMKII. The high level of phosphoby 20% ± 3% (n = 52; p < 0.001). The similarities beCaMKII in MVN neurons was confirmed by immunotween FRP and the effects of blocking CaMKII activity labeling of brainstem slices. The majority of MVN neusuggest that the increases in excitability induced durrons contained autophosphorylated CaMKII, and most ing FRP may be mediated by reductions in CaMKII acβCaMKII-containing neurons were double labeled with tivity. The increases in excitability induced by hyperpothe phospho-specific antibody ( Figure 1B) . These findlarization were smaller than those observed during ings confirm that CaMKII is present in the MVN and that pharmacological blockade of CaMKII, indicating that a substantial proportion is basally autophosphorylated on T286/287.
CaMKII activity is not reduced completely during FRP. To examine more directly whether CaMKII blockade sensitive AHP current. Following IBTX application, sub- 
Immunostaining and Blotting
CaMKII was diluted in normal internal solution to a final concentration of 5 U/L. The MVN was dissected from mouse brainstem slices, prepared as above, and homogenized in buffer containing the following: 10 mM Tris-HCl (pH 6.8), 2.5% SDS, 2 mM EDTA, 5 mM β-glycerophosData Analysis phate, 0.5 g/ml aprotinin, 10 g/ml leupeptin, and 100 M PMSF For analyses of FRP, neurons were excluded if spontaneous firing (Sigma). Samples were separated on a 7.5% SDS PAGE and transferrate was less than 2 spikes/s or input resistance dropped by more red to nitrocellulose membrane (BioRad). The membrane was blocked than 15%. Analyses of firing rate included only those neurons in with 5% nonfat milk and blotted with antibody. Anti-αCaMKII (Chemiwhich baseline firing rate changed by less than 1.5%/min. For con) was used at a concentration of 1:1000, anti-βCaMKII (Zymed) analyses of AHP currents measured in voltage clamp, neurons were was used at 1:200, and anti-phospho-CaMKII (Novus) was used at excluded if input resistance dropped by more than 15%, or if series 1:1000. Protein was visualized using an HRP-conjugated goat antiresistance changed by more than 2 M⍀. AHP currents were mouse or anti-rabbit antibody with a chemiluminescent reaction averaged across three trials, subtracting the baseline holding cur-(kit, Amersham Biosciences).
rent from the total current following the unclamped action current. Immunohistochemistry was performed on slices prepared as Mann-Whitney U tests were used to compare pharmacologically above. The tissue was fixed overnight at 4°C in 4% paraformaldetreated neurons and interleaved controls. One-tailed Student's t hyde and then treated in 30% sucrose at room temperature for test was used to compare AHP current before and after drug appli-1 hr before resectioning. The tissue was resectioned into 30 m cation. Data are reported as means ± SEM. sections; blocked in phosphate-buffered saline containing 2% normal goat serum, 1% BSA, 0.3% Triton X-100; and incubated in primary antibody overnight at 4°C. Anti-phospho-CaMKII was used at 
